Abstract 110-Hydroxysteroid dehydrogenase (110-HSD) modulates the access of corticosteroids to their receptors and plays an important role in controlling blood pressure. We determined 11/J-HSD activity and mRNA levels in the mesenteric arteries of genetically hypertensive rats, the Dahl salt-sensitive hypertensive rat, and compared them with Dahl salt-resistant and Sprague-Dawley rats. 110-HSD activity was expressed as the percent conversion of pHJcorticosterone to fHJll-dehydrocorticosterone. 11^-HSD activity was significantly decreased in the mesenteric arteries of 8-week-old Dahl salt-sensitive hypertensive rats (11.4±1.4%) compared with Dahl salt-resistant rats (17.4±1.4%) or Sprague-Dawley rats (18.0±1.5%) of the same age (P<.05). There were no significant differences in 11/3-HSD activity between 4-week-old Dahl salt-sensitive hypertensive and Dahl salt-resistant rats of the T he bioactivity of 11/3-hydroxysteroid dehydrogenase (11/3-HSD) has been identified in homogenates not only from rat liver and kidney but also from rat aorta and mesenteric artery.
Methods
Male DS, DR (Eisai Supply, Eisai Animal Research Center), and SD rats (Nippon Charles River), 3 to 4 weeks old, were initially fed a diet low in salt (0.45% sodium chloride) that was purchased from Nippon Charles River. Both DS and DR rats were fed a high sodium chow (7%) for 4 weeks (n=12 in each group). SD rats were also fed a high sodium chow (7%) for 4 weeks (n=10). Blood pressure was determined by the tail-cuff method. Plasma concentrations of corticosterone and aldosterone were estimated by radioimmunoassay after extraction with a Sep-Pak C18 cartridge. With the animal under pentobarbital anesthesia, the mesenteric artery was immediately excised by the method described by McGregor with minor modifications, as we previously reported. 9 Briefly, isolated artery was perfused with Krebs-Ringer solution, pH 7.4, at a temperature of 37°C and oxygenated with a 95% Oz-5% CO 2 gas mixture at a constant flow rate of 3 mL/min. Perfusion pressure was constantly monitored and recorded by means of a pressure transducer connected to a polygraph (RM 600, Nihon-Koden). After 30 minutes of equilibration, /-norepinephrine (1.2x 10~8 mol/L, Sankyo) was administered by bolus injection through a cannula; the injection volume was less than 100 [iL. Injection of an equal volume of isotonic saline had no effect on perfusion pressure. After 60 minutes of equilibration, the Krebs-Ringer solution was replaced with 300 mL KrebsRinger solution containing 1.12x10"* mol/L [l,2,6,7
3 H]corticosterone (B) (Amersham Japan; specific activity, 84 Ci/mol) and 200 jtmol/L nicotinamide-adenine dinucleotide phosphate (NADP), and the perfusate was recirculated for 3 hours. Tritium-labeled steroids in a closed-circuit system from the perfusate were absorbed onto a Sep-Pak C18 cartridge and extracted with 4 The time course of 11/3-HSD activity in isolated perfused mesenteric preparations was examined up to 5 hours. 11/3-HSD activity was found to be stable up to 3 hours (data not shown).
To establish whether significant 11/J-reductase conversion of A back to B occurred under these conditions, we performed another pair of experiments as above but using [ Rat mesenteric arteries were removed immediately after decapitation. The tissue was promptly weighed, frozen in liquid nitrogen, and stored at -80°C before use. Total RNA from rat mesenteric arteries was prepared with selective precipitation in LiCl (3 mol/L)/urea (6 mol/L), 11 and poly(A) + RNA was purified by chromatography on oligo(dT) cellulose as previously described. 12 Poly(A) + RNAs (5 jig per lane) from rat mesenteric arteries were separated by formaldehyde/agarose gel electrophoresis, transferred to a nylon membrane (Hybond-N + , Amersham Japan), and hybridized with -"Plabeled cDNA probes. The filters were washed and radioactive bands were detected by autoradiography. The 11/3-HSD cDNA probe 13 used in these experiments was obtained from an EcoBI fragment of rat 11/3-HSD cDNA donated by Dr C. Monder (Population Council, Center for Biochemical Research, New York). For densitometric measurements, autoradiographic signals were standardized to signals determined from /3-actin mRNA in each preparation to control for the amount of RNA loaded per lane.
Data are expressed as mean±SEM. Results were statistically analyzed by Wilcoxon's unpaired t test. A value of P<.05 was considered statistically significant.
Results
The Table shows body weight, systolic blood pressure, heart rate, and plasma corticosterone and aldosterone concentrations of DS, DR, and SD rats. The blood pressure of 8-week-old DS rats was significantly higher than that of DR or SD rats (P<.05). There were no significant differences among DS, DR, and SD rats in plasma concentrations of aldosterone and corticosterone. Perfusion pressure after a bolus injection of norepinephrine in 8-week-old DS rats increased significantly compared with DR and SD rats of the same age (/><.05) (Fig 1). 11/3-HSD activity was significantly lowered (11.4±1.4%) in 8 week-old DS rats compared with DR (17.4±1.4%) or SD (18.0±li%) rats of the same age (P<.05) (Fig 2) . There were no significant differences in these parameters among 4-week-old DS, DR, and SD rats of the same age (153±1.3%, 15.1±1.9%, and 16.9±1.6%, respectively, Fig 2) . The apparent K m of 11/3-HSD in our experiments was not different from that reported by Monder and Lakshmi.
14 There were no significant differences among DS, DR, and SD rats in the protein concentrations of vessels used in these experiments (data not shown). Experiments to measure the conversion of A to B showed that under these perfusion conditions there was no significant 11/3-reductase activity in any of the groups studied. Fig 3 shows the results of Northern blot analysis and 11^-HSD mRNA concentrations in the mesenteric arteries of DS, DR, and SD rats. The concentration of 11/3-HSD mRNA in the mesenteric arteries of 8-week-old DS rats was significantly lowered compared with 4-or 8-weekold DR or SD rats (P<.05) (Fig 4) .
Discussion
Our study showed that the isolated perfused mesenteric vasculature from DS rats fed a high salt diet was supersensitive to a bolus norepinephrine injection compared with DR or SD rats. The mesenteric artery from prehypertensive DS rats did not show an increased sensitivity to norepinephrine. Kong et al 15 have demonstrated that hypernoradrenergic innervation is absent in this animal model (DS rats) before the development of salt-induced hypertension. Local administration of glucocorticoids into the vasculature in vivo 16 or into isolated vessels 17 confirmed their permissive effect in potentiating vasoactive responses to catecholamines. With regard to the mechanism or mechanisms responsible for the permissive effect of glucocorticoids, it is interesting to refer to the findings of Teelucksingh et al 18 that inhibition of 110-HSD by the licorice derivative glycyrrhetinic acid in human skin potentiated the vasoconstrictor response to cortisol, a response known to be a glucocorticoid receptor-mediated phenomenon. Thus, 11/3-HSD may modulate the access of cortisol to vascular glucocorticoid receptors. Walker et al 19 reported that 11/3-dehydrogenase is defective in some patients with essential hypertension. Stewart et al 20 demonstrated that both hepatic 11/3-HSD mRNA levels and activity were reduced in the hypertensive Bianchi-Milan rat. In the present study, both the concentration of 11/3-HSD mRNA and the activity in the mesenteric arteries were decreased in the salt-induced hypertensive DS rats but not in the prehypertensive DS rats or DR or SD rats. Although 11/3-HSD activity in vascular tissues, mesenteric artery or aorta, is lowered compared with kidney or liver, 21 it is possible that defective 11/3-HSD activity at small resistance vessels could play a role in mediating a change in peripheral resistance by altering tissue levels of active glucocorticoid. The decreased 11/3-HSD activity in 8-week-old DS rats was not improved after treatment of hypertension (data not shown). This change in 11/J-HSD activity in DS rats does not seem to be merely secondary to hypertension. Further investigation using an F 2 population study is necessary to determine whether inheritance of the DS 11/3-HSD gene cosegregates with hypertension.
We were unable to demonstrate significant reductase activity. Walker et al 21 reported that reduction of [ 3 H]A to pH]B is not detected in the incubation of the homogenates of mesenteric artery or aorta. A new isoform of 11/3-HSD in renal collecting duct cells, which does not convert A to B, has also been reported. 22 The levels of 11/3-HSD activity in the mesenteric artery paralleled the levels of mRNA expression, suggesting that the tissue-specific inhibition of 11/3-HSD in the hypertensive rat occurs at a pretranslational level. We found no significant differences of 11/3-HSD activity and the expression of mRNA in the mesenteric arteries between SD rats fed a low sodium and high sodium diet. In DS rats, sodium may affect 11/3-HSD activity at the transcriptional level.
In summary, a decrease of 11/3-HSD activity in small resistance vessels is likely to account for the sodiuminduced hypertension in DS rats.
